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(57) Abstract: 



PROBLEM TO BE SOLVED: To 
provide a method for manufacturing a 
vibrating element through simple 
steps with an improved yield. 

SOLUTION: A movable part 4 is 
formed on a sacrificial layer 10 on a 
substrate 1, parts of the sacrificial 
layer 10 located underside the 
movable part 4 are removed using an 
etching solution. And the substrate is 
washed to remove the etching 
solution and then dried to remove the 
washing solution. After the drying 
step, an electrode member 14 is 
disposed above the movable part 4. 
The electrode member 14 has an 
electrode face 14a opposed to the 
movable part 4 through a gap. A 
voltage is applied between the 
movable part 4 and the electrode face 
14a to provide such an electrostatic 
force as to pull up the movable part 4 
toward the electrode face. As a result, 
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the movable part 4 adhered to the 
substrate 1 in the drying step is 
peeled off from the substrate 1 and a 
gap 5 is formed between the substrate 
1 and movable part 4, thus 
completing a vibrating element. By 
using the above electrostatic force, 
the gap 5 between the substrate 1 and 
the movable part 4 can be reliably 
and simply formed, damage of the 
movable part 4 can be prevented, and 
the yield of the vibrating element can 
be improved. 
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(57) mh\ 

ffi!l{C«®<!fc 1 4 $:gBia-tSo ^c^Wlii*: 1 4 (Clinjugp 
4 {CSilK5::^LT*tI«iI-rsmM 1 4 a Sr^fS. _hia 
«MrgP4 i:«fg® 1 4 ar^}cmE.$:raDLTnm&S|54 & 

T'S^ 1 lc#^LfcHm&aH 1 *^e,i[I*'^U WSi 




13^- 



(2) 

1 

wwi^mimi^u mz. ±Ms^m3<D±miz^m^ifr 
LxM\^-t^M\^mm^mmu ±m'm}^iiM\^imm lo 
mzwB^wtiah. ■s!mmmimmmK5m±\f^B 
m±ii:V^m^i±. m?m^jM^(DmBm.<Dmmm±nz 
^^)^izfimi^r^^m3i:mi.i)^^mmu mtt-^ 
mmiz^^mm-t^mim^m^ijmo 
m^m2] ^{$mnzwi&^fs.^n^m&mt. 
mm^mz^j^:^tm'mt^Mi::fi-LxM\mm^ti 
^^m^t^mLr=.msm^n^:miziB^^x. * 
•r> mm(Dm}imm^mmzmm-^tit:Lmm<D±m 
izwmm^mziiM^ti?>-^^i:m^u -ioM^ 
v^yirm^m\>^x±ts^smi>(Dym(osmM^^^ 20 

m^^ns:i^\^x±mmmzi^^ms\ ^^^^m^iLm. 
w.zms.^m\\.x^wmgiiLmmw^^^\z 
i. y }L^\z. z.(jymi>^(Dmsms\,zi, »j a 

{csffi-sr^irau 'mM^'^m\z^\^±\f^m''mj^ 
vm-^'^xmsmmr^(mmmmmmi\zi. 

[m*«3] piaiSi5«>±{g!lfC^S::n-LTiH^$4xS 

[000 1] 
[0 00 2] 

[t*^«)S$B] E13«) (a) \Z\Vm.^-^A'7U-^V- 

030) (b) iCttSao (a) (C5t1-A-A»T®0;!)^S^ 

7>*-2 (2a, 2b, 2c, 2d) i:, ®SI$3i:, 
nIKlg|$4fcS:>tLT«^§tVTJ3y, (a) 
(b) (CS^f «fc-5fC, a^l{CT>;^-2 (2 a, 2 
b. 2c, 2d) *<@^^3tV, #T>?(7-2tCli^ 50 
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[0003] ±ta^gi$ 3 prKfSP4 li, 1 il^l^ 5 

Srcn-LT^flSlgBISS^xTfe'J, 03 O (b) tC:^-tKS 
(a) fC^t-^SP3{i3^^{C^fflJg^$tiTV^SC0 

T% Bm&sP4ttia3© (a) \z7k^-nm>WEnu\z^ 
&^wm!mztA^x\^^, 
[0004] ±ta«m&SP 4 {ci±^«^® nrimfg e 75>^ 
giiisstu z.<jym^^\zm^^'^ii^\z. mrn^ 

©a^Sfi 7 1 {cH^^n^^ifgu 8 *^?>#5i?^ 
[0 0 0 5] ±fssi^«)^^T'ti, mif. «rffi(SP 

4*^03(7) (a) iCS^^ifgt^fpItC^fir-tSi:, 

mffi7r^®^m§a:*^«^-r.5o z.a>z.}Lis^h. -mm. 

^ 6 i: as«® 7 IS(Z)#I^SC!) S:±IB nll&a5 4 

[0 0 0 6] iLwrnmi-immMy^n u 
®:^^${c^fE:u iMmm^oymmzm-i^im 

«m&3P4®^fia:l4^^0:^^${c*ffBLTfe»;. _t 
[0 0 0 7] 

[^^*^fi?s^uj:e)i:-rs^] i;ci5T% mmm^ 

iSa^-?^«fflftSP4«ri>ca)J:e)lCL/T$SSg$tvS, * 
•r, 04 (D (a) {CS^-rj:eilC, Sffi 1 ±® BJIftgH 
?^^MJaclc?^^3*ifci8ll4M 1 0 (Z)±tC, 2 
®«P3 S::^UT5ig-tS"5raiSP4 ?:J^^-rs„ -fO^, 
nm!fSP4®Tffl!l®tsif4Sl 0$:x»y^>yjg (xy5^^ 
>h) Srfflv^TB^afefSo 

[0 0 0 8] -eLT, ±IBx^yf^>irM$:gfe?i^-rSSfe?^ 

04® (b) {C^'tJ:e)lC, ««l{C^^5S::rhLT*f 

[0 0 0 9] ±iBx«v^>y?|K©gt?^X 
a«li:«I^^raP4^4®|^CA^li:V^e>!^V^|ig^^CA 

KisP4 tm^ 1 Mic^fir mmim^\zmM Lt^t 
sfctt, 0 5 izmt^ o tc nji&siJ4 1 izumm^ 

[0 0 10] 3©J:e)lC, BlKlSP4*^S^ltC@3e$tl 
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3 

[0 0 11] ^zx\ ±9mm^fmt^t-Mz. 
lis i^^iai^A^^^iTt^-So wmci^^t 

2 - ^n/w -;i'^(Z)^«fflcD?gtc@^ U -e 

[0 0 12] ±iB?«^?as^T'fi, m 

[0013] * fe, ^1 oTi&SH r^©?^5*ffiM3?)^ 

1 \z^mvtcvmx±ssmsmmm(DW^ • 

[0014] ±|B-5«6gP4 (7)?iS^(Z)raM^, «IffifSl$4 20 
[0 0 15] ^b^fflMBgim®5:*fJfflU^ 

[0 0 16] ^®i§^{±±ia^=&«?s^-r-g>fc«){c«:$ 

[0 0 17] 

m^:ftLxM\^^^ti^-smsi>t^^Ltcwmm^ 

u t<D^(Dmmj:mx'±mmi¥m^^imi^u ?^ 
{c. ±m-mij§m±miz^^i;i-hxMf^r^M\^mm 50 
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$mrm^(Dm^m<DmmmMz^ u»K{c#*Lfcpi 

[0 0 18] m2<D58H^ti, ^<*ia«fc@^^$ti 

sH^sPi:. ^m^mz^ntinmmt^^:ffhx 

^3^^T, *-f, mm<D-mi^m^mmzm^^tit^m 
^(D±mizm^m^mzTm-^ti^-m^i:m^u 

mm±m^^m^irtLx±fs^iz^*m\'\ 
m&tmnzm&i:maLx^{mis.tm^i:mm^ 

umimizmB^ffiMu ■smmi:mm!nz3i^±vf^ 
mmj]^i¥m^ii:xms^mjMm>m^m(Dmmm:h 
{c J; *j^mimmtzfimLt=.mtm^immi)^^m 
t)^u ¥^im&tmiim(Dmiz^^m^-t^mm^ 
^^xmiMmm^t^^mn ltv>5. 
[0 0 19] mso^mits ±Msmixitm2amm^ 
m^■t^-smB<D±m^z^%:1^i•Lxw^^tl?>wm(D 

mm^tix\f^&m^i:%^xmd^^fm-t^^mt: 

[0 0 2 0] ±fBi^a)#6^^cfc^^T, KiKn:^T'Sfe?^ 

mommmMzj: ^jm^izfirnvtcmimtimm^iK^ 
e){cufe(DT% $miMx»mmt)^miiznmLf£\,^^ 

[0 0 2 1] ««&ap?:§i$±(f-5e^m:^j©MMt* 

M-t^m&<Diz^^iz^wm^tu ■ia>m£W0im 
^x&^<DX\ ±mmtimmmmznozti^^ 
igT'fe'j, vmizssm^^m^is-f.mii'^-r^iiti'^x^. 

[0 0 2 2] 

[0023] EI 1 iciiig 1 m^mmo^^sm'f^m. 
m-mi0m^ixx\^^, z.<Dm^mm^z^irw^^'i' 
\tmm 3 iz^-twmm'fx^ 0 3 (Z)isift^-?®^ 

1 ^c^d:|g3<z)A-A^gp^/,^^e<J{cs^$4^Tv^s. 
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[0024] z.(Dmmm&nzis\>^ximL^fjiz.ini.. 

[0 0 2 5] ZL<DmmmiX'it. miCD (a) iZ^-t 
SOI (Silicon on insulator) S^$:MV^5o Z.(DS 

o I mnii/ u n >T'^^$tifcss 1 izmmxm^ 
^tir=.m&m lottyv -^yom 1 1 i)m\z^^mMm 

[0 0 2 6] *-r, g|3o (a) \z^-rryi]-2.ii^ 
(b) fcs^1-J;d{c, RIE (Ur^^-T^-f 

01(0 (c) ics^f i-ptc, igai53i:omi[ai54i;piijs 

6 tm^WM 7 CDT{a!I<Z)i^ttM 1 0 $: H F^^i 
«v^>yfi^£<on:^T% ^P3i:oil6S|J4i:«m&M6 

[0 0 2 7] mz^ UA^^m^^xx-^y^y^-km^ 
u -e®^. J -))^r^vy^(Dnmt.oym^m 
mzm^m^x%\^m^m^k^7^x:r.^y^yifmi:% 

i<.%mzmm.hxmi^w.<D^i:i7r). ms. 
\ziim\^x\^%>mwwL\t. ±m(Dm<. mmom^^m 

g^fcstH*m<Z)^M±{cj;y, mi(D (c) {c^-r<fc 

e>{c, BrsiSi54*^s®ifc#ifr€>o 

[0 0 2 8] mt. gll© (d) {C^-rJ:e)fC, _hiBS 

m 1 1 3 {ceag-rs t^^fc s« i 

S:B2iS-t5, zi<Z)M^ft 1 4 icttpTSfSH lc*ri^It-SM 
^{CIHlSlJ*^?^fiS;$*lT33U. nI^^ra54©±{R!|S:^BK$:/^ 
LT«li<i|s: 1 4 {C4; *JS^ 3 t*'!T'^5„ ±iaS<S<*i 1 
4 ©IHISPJSffi 14a «Bia,S|54 i:Slt$::^LT?k*r^LT 
S3 y , ZLCDWm 1 4 (ODflSPiS® 1 4 a *^*f ffij®® i:^ 

LT^^s„ ±Mmm^i simnm(Dm^^imiz 

J: U?^*S$4XTS3 y > ZlOf^^ 1 3 t±mffiW*tI^© 1 

[0 0 2 9] -^LT. ±ia®fl«cl4fej;ycf^^l 3 
Sr/hbT^ 1 {c±iB«EPP*n#a 1 5 tc J: »J®±S:^ 
iPf S I-tlZJ: y , -BTtifSM tm^fls 1 4 ©mi5]£® 1 

4 a mz =tj±f asiAti«ffi(cm L fctJi'omEbA^PrijDS 
oIl^fSP4S:«^g^^;l4ffilI^c§I^±^fs#m*&#ffi 

[0 0 3 0] _h83^«:^lc<k»JBri&S|J4 li®{i#:i AM 
{C§l^±(fe,tlTa«l*>e>|aj*^tV EI1«) (e) tC:^ 
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■t-J;e){c, S^i i:nrffiig|j4r^icSB^5*^j^^$tixig 
[0 0 3 1] ±IB^«:^j(Z);^$$«orssgp4 

tm^^mi 4 ar^{cPpiin§nsaEE<3D®iW{cj:»j^Tt> 
tvSo ±smm±iiz^v'm)SHi)^9mii^i4m 

iz^\^±\f^ixkii^iz^34 ii^wm- 1 4 (DmBi^ 

®1 4 a^Cg^L/?&V^J;^^C, 'Sffi^fc 1 4 COIHiai5©S?3 
10 *^leS$4^Tv^s. 

[0 0 3 2] z:®lli©g^j{cj:titf, mMjM(D^ 

iz. mm:bkm^^x-smm4 kmiii)^^mi)^Lxm'& 
1 i: "ittgM r^{c^Bi 5 iim^-r^ ^^iz Lr^<Dx\ 
mrmx\ mmzmm^immLr^^t^^^iztrnm 

mm§$^i^^<Dm^^it. mmi.r^^'^iz. jm 
^5: < , «^ 1 s::^^tptcg2ig Lx^mmiimmm^-^i: 

[0 0 3 3] ^*g^ii^OJ:e)tC, ^liipl 
ffiiaS4^cOM$:mS$-&-SZlil7!)^^V%©T% M<3W^^^ 
miz J: t) «m6SP 4 i: V ^ e> 53MS:fi&ifct- S zi i: 

ti^x^^o $tic. ±iaa«ii:oii&si54r^iC'f^«$-ii: 

^filll^csKl*^e>f^J*^■tz:^:*^T'gs„ ±13® ± 

30 «l^c#«H^t-s^l^^e)5^®i:*m^c|HBi$tlSc[) 
T% mmm^^tvk^mizm:.-^-&:s>zLiii)^x'^ 

[0 0 3 4] 3 6,{c, j^smii t.-smsiii4tsnz'm.k 
mi^^t^tb(Di'pmtmii.^x&?><Dx\ m^xco 

mt^-ox. mmm^Hm^ki^izmnz't&zii 

[0 0 3 5] OTtc, m2<D^mmikmm^?>. 

0)m^Wmi>t. 02 CD (e) iZ^-t^^lZ. "SJ1&SI54 

la^ 1 (om!mmitm-^m^izim-n^ki^ 
CO 0 3 6] tr. mEmi<Dm^mmtmmiz. m 

2(D (a) fC^'tJ;e)J&:SOI^S:^SU 02® 

(b) icatt-<fee){c, •5m&sP4^®^^^^gP4)' 

i:RIE^(D^iZj:ijm^-t^, ^<D^. 02® 
( c ) tCS^-t i: -3 tC, nJUaj 4 ^(DrmcoWiM 1 0 ?: 

50 
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[0 0 3 7] ^S^, m2<D (d) izmt^tiZ. fi® 

1 iim^ 1 3 izmm-t^ nmz. tifc^u 
1 6 ^mm 1 <^±iciEist--5„ 3co^is i6iti-hV'y 

X ^ ;r X ^ > Sr-g-^t -rs 5!?^::^*^ 

tC J; I-; J^^iJc$ tlT »; , 1 6 {C ti bTI&SIS 4 fCji^fpIf 
^mmizmm^^^tu ^SM0±5:W^$::^LT 
^Pl 6{Cj;ySe)3il*^nT||T'&So ±IHMa51 6iZ 

17tSu Au, Cr, •7;b^->>A, Pt^C?)^-^, 

[0 0 3 8] ^UT, ::*ie,S:^#K^TT'^igM 

(SOOrjeOi) *T'M&Loo, mffiPH&D^mi 5A^ 

8) ®^ffi;^*ll^^^U nri&aJ4«)yN°-;>!r-2;*MT 
[0 0 3 9] (^^{C, ^Pl 6lC-^;t$tlTVNS^^X 

ppinstu mif^4^mmi 6mizBm±\f^mm±if}^ 

1 tC#^ Lfc Bj«&aP4 1 7t)^ e>fHI*^^ *U EI 2 CD 

(e) {C:g^^J:e){C, S«l il-5IKrSi54r^lCSim5 

[0 0 4 0] tt^^^RSifcisi 7fi, mi<Dm<. 

* e) iz. mmjjizj: y «ii&^4 $:^p 1 6mizBm±if 
r^t.^iz-m}m4mmmsmnizm&Lx^. -Bm 
gP4 7 ommizi^^tm^-^-r, 

mmjj<m±mz. it^mim i v 

[0 04 1] ^cfe, ±IB«±PH{in«)XjST% ■5r»SP4*^ 

^1 eaymm&mizimLfjti^s^^iz. ^pi 6©iH] 

SP<D^$$:^-rS3i:tCj;y, Bji&gp4;t)^l 6® 

B^mmizm&-t?>(D^m±-t^:it-fy^X'^^(DX\ z. 
(D^ofj^m^izit. ±ts^mimn ^m»^j:<x^ 

[0 0 4 2] zL<Dmsmm&nz^tni. mmiGxam 

gP4 (DAy^-t;i:no t^lZ, ^P 1 6 S:HrK[gP4 IC 
*f|fi]1-S«@il LTtSII$-y:TBl»SP4 ii^p 1 efstc 

LT, fgMX^T'S^ 1 lC'f!f«LfeBISJgp4 1 
e>*J*^-t i e) L fecOT% SfflBSI 1 <7)|yg?^^J|Bl^ 

»SP4a)/N->y>^-2;i:, orKrap4®5l^*JA^U^a5: 
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^\zm-i!t,-z^m^<^ jMonmt^m^zLtfi^X'^ 

[0043] * fe, ^P 1 6 ®IHlSP/£SfC^RSifcM 1 
7 $:|S{:tfc©T% lPm*(C J; U BJUgp4 ;!)^^P;5itJK 1 
7{C^LT=fe., gf«RSifcMl 7li#*fx^;b^-*VjN 

fe^{c-5Ji&SP4 1 7 *^ e>gttu 3® i: ic 

10 ol»SP4 3!>?^pi 6{c#^@^$^lTU*e>i:^r^ 

[0 0 4 4] 3®f§^ttJ:t&&Sy^^JCPS® 

ii\ SOI sssrfflv as 1 \z«mm i o srn® 

"toyimM 1 0 ©±{H!l{c i/ U n >M 1 1 ^B^-f^ 

iiv^t)JM^n-or~mz. tm&^mmmmmm<DJM 

[0 0 4 5] ±fB^l<Z)||i©^^JlC:^bfem@ 
20 {^^14^ii/U3>{CJ:^J^$^l,T^^fe*l i>Un>JtJ* 

i^0^^mzj:i)m^Lx=h^\>^u ±miz^*)jmL 

tc, «ffim&n{c J: y «s i: uriJIg-r -5 ^ i: 

[0 0 4 6] SejfC, UlcDlliS^^JfCa^Lfeafliftt 
1 4 ® IHIgP/S® 1 4 a IC, ^2 0|Q^HIMfC:^Lfcai 

30 iz. ^mimintmtoim^^imo^m^mmmm 

[0 0 4 7] $ e,fc, ±iB#Sli^MMT'Ji, ttiSi ti 
$/U n^/fci *mfS(.-^t\,X^^r=.t)\ S« 1 tti^U =i>iJA 
^(b^ffcT-?^^ U T =fo J; V ^. 

[0 0 4 8] $ e>lC, ±iS#l^^jT'tt, R I 
J; y ^SP4 ^(Di(^m-7■®«|figSP:^)•$:?^^LT^^ 
t^t,\ U 3 >M 1 1 ®±{C pI®gP4 ^OJ^^IiJgcS:;^ 

1 l<^>fI^^$:x>v^>^7'MS:fflv^Tx-;5^>yBS?^U 
40 ^<Z)^, ±faA-t5f->$:^y|g^l,%T«m&SP4^$:J^fK-r 

[0 0 4 9] $e.tc, ±fas-SQ©^^jT*{i, ^aP4 

^f*^, T;i/^-'^7A^Ni^Pt^CD^-^, Jfii^ 

e) *>> M5c$:a® ufci»M^*sic ^*mmL 

X^^^\ 

[0 0 5 0] S P,IC, ±ni^mi^MXit. 03 (CS^ 
50 ■t^^-?-S:0!I{CLTfi^b}t:^^, 'zL<D^itm3(Dm 



(6) 

g 

[0 0 5 1] 

UT^SP<^)J:M5:S^$:/i-LT^PlCj;tjSv\ MSP 
[0 0 5 2] ±IB®*n<. 20 

w^izmmi^x-sm^tmm.-r^t\>^'t)^^mm-t^ 
ztf}^X'^?>. $e){c, ±Mmi!^iiB\^±if^mmfj 

f)^x^. z.(Dwtm&<Dmmimmznoz.tti^X'^^ 
(DX\ m'^(D-x^-^^mm\^xwm^f^^ 

timzM^x^^(Dx\ wmmi-o)^t.^}^^m.z\pi 
^^-^^zhtMmx. z.(Dz.iL\z^^)^ wmm^^ 30 

[0 0 5 3] 3P,{c, _hlBnm&SP}C^m^$:f^ffl$-&S 
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[0 0 5 4 1 »R{C^|5S:B2aLTBri!jS|50)±{RIS:SEg 

ms.(Dmz^m^j^mt^^\z^^x\%. ±smm] 
^^&^'^^}i^a>w&hm^<7mn\z^^). mmn 
mi<7>m&m^mm^Lxmi)m^±Memmizj: y /\- 

^-i>(ojmt. ^^<D5\mii^L(Dm^i:^mmz 

tMmx'^?>, 

[0 0 5 5] mmmizimmim^m'ft:i^miz$>^x 

[S®a)ffl#«;IJiW] 

[01] micimmm&ii:^-tmmmx'&^. 
[02] ^2<Diyg?^^$:s^-tmw0-efes. 
[03] mim^-&i^^-tmmmx&s>. 

[04] fi^3ftc^)igl&^-?<oSS^#i£$:^-rt}iW0T'*> 

[05] m^wm%:m-t'^7'jmx'&^. 

1 

2 T>*- 

4 orajfsp 

5 ^ 

10 mm 

14 

1 6 MgP 

17 g^itm 



[05] 
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